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a W. wind prevailed. This NNW. wind was consider 
ably stratsed as regards temperature, there being a cold 
stratum at 750 m. (- 4.0' C.) above which tem erature 

a rather sharp fall as the wind backed to W. 
At Broken Arrow on the 8th the winds up to 3,000 m. 

conform both as to direction and clockwise turning with 
those of Groesbeck. On the succeeding day they were 
more northerly than at Groesbeck. 

The temperature of the free air 'at Broken -brow on 
the 8th shows a weak minimum at the 500 m. level, and 
a distinct rise from that level to a maximum at 1,250 ni.; 
thence to the top of the flight the temperature fell 
13.3' C. in 2,250 m.-a not unusual fall in temperature- 
in southerly winds. On the following da with northerly 

expected, although the difl'erence at the 3,000-m. level 
was but 4.5' C. 

On March 9 (see fig. 2) the center of the c clone WIS 
apparently off the mouth of t.he Mississi pi, a3i though its 

mg of New Orleans, La. It is evizent that, there was 
not a movement of translation from New 3fesic.o on tlie 
8th to the Gulf of Mexico on the gth, but rat.lier t,liat 
a new cyclone developed in t.he southern end of the 
barometric trough that is present in Figure 1, puralleling 
the Rio Grande Valley. (See 6he isobar of 39.SO i n c h . )  

Consider now the obseil-at.ions niade a t  Due West, 
S. C., which on tlie 9th was in relatively tlie same posi- 
tion with respect to the c d o n e  cent,cr as Groesbeek and 

winds at due West were from an easterly quarter wit,h 
the same clockwise turning through S. to SW. as obta.ined 
at the two stations first cliscussed. The high clouds at. 
this station, as also in Texas find Oklahoma, were moving 
from a southerly quarter. 

A small inversion of temperature is apparent at Due 
West between surface and 750 In. and a steady decrease 
from that level to the top of the fi.glit. The clecrmse 
between 3,000 and 3,500 in. as the winds shift from SSE. 
to S. is ratsher pronounced. 

The precipitation a t  lE0y:tl Center, Intl., owing to t'lie 
high latitude of t,he station, was in the form o€ SIIOW 
rather than rain. Easterly winds with a snowst.omi 
prevailed at that station and the flight was not a high one. 
The clockwise shift of the v,-in~l ait Royal Cent.er sug- 

ests that at  taliat, stat,ion, tilt,hou4 a.t a reat dist,iLncr 
from the cyclone center tlie win& a t  higfer elevnt,ions 
than those recorded must hare been from R southrlj- 
quarter. 

.The baronwtric situatioii 011 the 8th. a.nd 9th cotnptrr.ed.- - 
The outstanding feature of t,tie iiiap of the 8th (fig. 1) 
is the ridge of high pressure that estends from Claiiadti 
southeastward to Florida and tlie accompanying thrust 
of cold northwest winds. This ridge lying athwart the 
path of the New Mexico cyclone threat,ens the exist.ence 
of the latter. A parent'ly, liowmer, the danger to tlir 

high ressure but in the more direct and vigorous tfhust 

Mexico by the morning of the 9th. The situation is now 
completely changed and t,he condit.ions for very wnerous 
and widespread precipitatiou in t,he great centra7 valleys 
and Atlantic Coast States are almost i d d ,  viz, a trough 
of low pressure between two ridges of high pressure. 
From its position on the 5th the cyclone advanced 
northeastward, reaching the Delaware Capes on the 
11th as a circular depression with central pressure of 

rose to a maximum of 2.8' C. at 2,000 m.; then P allowed 

winds the ab column was uniformly col LT er, as would bc! 

position is dependent upon the sinele f >aronieter reacl- 

Broken Arrow were on t h e previous day. The free-a.ir 

(See footnotes of Table 1.) 

New Mexico cyc P one was not in the eastern ridwe of 

of co P d northerly air in its rear which reached the Gulf of 

29.00 inches. Heavy snow for t,he season fell in the 
Middle Atlantic and New England States. 

The dat,a here presented, and other evidence of a similar 
characker, seem to indicate that for the continent of 
North America, at  least, the southerly winds on the front 
of the cyclone, generally much stratified as to tempera- 
ture, and the northerly winds in it.s rear, less stratified 
than those first mentioned, are the two most impressive 
phenomena in connection with cyclonic activity. These 
two major currents are not to be considered as opposing 
currents, but rather as currents one of which regularly 
si1 lants tlie other in ractically the same levels. 

warm-cold is short, H. day or so, and it evidently bears a 
direct relation to the cycle, cyclone-anticyclone, which of 
coiirsc varies with the season and the latitude. 

Each system of warm southerly winds must, of course, 
have two border zones, one on t,he left, and one on the 
riglit, as one faces toward tlie south. The movement of 
the n.ir in the vertical on the right niargin is pretty clearly 
c?st.ablishcd as an underrunning of the warm by the cold 
northerly current,. The movement in the vertical on the 
left margin is not so clearly indicated: in the o inion of 
the writer t-he locus of cyclonic activity will B e found 
newer the left margin than the ri ht. 

In some respects these two win d systems, 2% conceived 
by the \vrit.er, are similar to the warm and cold currents 
postulated by t,he Norwegian school of meteorologists, 
tilt,hough the details differ in several articulaxs. The 
enerous cooperation of the derologica P Division of the 

%ureau in the preparation of this paper is gratefully 
acknowledged. 

6 % ~  time required F or tlie completion of the cycle 
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THE SLEET, GLAZE, SNOW, AND WINDSTORM IN 

By W. P. STEWART, Meteorologist 

(Weather Bureau, Milwaukee, Wls.. March 29. lea)  

WISCONSIN, FEBRUARY 3-6, 1934 

This storm occurred in connection with a marked 
area of low pressure which cmiie u the Mississippi Valley 
on February 3 and 4 and asseBslowly northeastward 

Southern and emtern Wisconsin were within the area of 
precipit.ation from Februar 3 until the morning of the 
7th, and during that erioi heavy snows occurred over 

Lake Michigan. At, Milwaukee the heaviest 24-hour 
snowfdl of record, 30.3 inc.hes, occurred on the 4th-5tl1, 
and the total fall in the storin was 22 inches. 
t.owoc there was 25.5 inches, at  Sheboygan 18 inches, at  
Port Washington 16 inches, at  Ilacine 17 inches, at  
Sturgeon Bay 15 inches, and over a large part of central 
and southern Wisconsin the fall was from 10 to 12 
inches. 

There was a high east and northeast wind on the 3d, 
4th, and 5t.11, and the snow drifted bad1 . Railway and 
interurban traffic was delayed 1 to 3 ;Y ays. The most 
serious interruption to train service occurred in the 
t,errit.ory north of Milwaukee, on the routes along the 
lake shore and in the vicinity of Fond du Lac and Osh- 
kosh, where the schedules were interru ted from the 
night of the 4th unt,il the afternoon o P the 6 t h  and 
service was not fully restored 'until the 8th. Between 
Milwaukee and Chicago the service was interrupted 
from 9 p. m. the 4th until the afternoon of the 5th. 

There were many miles of snowdrifts 8 to 12 feet hi h 
and highway traffic was blocked generally throughout t%e 

over Illinois, Indiana, and B I ichigan on the 5th and 6th. 

the greater part of t Ri s section. It was heaviest near 
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area affected. This condition improved very slowly: 
some highwa s were not opened to traffic until the end of 
February. & the vicinit of Sheboygan automobiles 

The interests most seriously affected by the storm, 
however, were the overhead wire companies. In  southern 
and southeastern Wisconsin the precipitation began on 
February 3 as a light misting rain wluch turned to sleet 
and snow during the night, the temperature being slightly 
below the freezing point. A1 esposed objects were 
covered with glaze. In  Milwaukee the coating of ice 
averaged about inch in thickness, but tlie telegraph 
and telephone companies report that at some other 

oints the coating of ice on wires was + to 9 inch in 
%meter. This ice together with the high winds 'caused 
the breakage of large numbers of telegraph and telephone 
poles and the prostration of many niiles of wire. One. 
company alone report,ed 934 poles broken, 480 miles of 
wire destroyed, 11,000 wire breaks, and 3,800 miles id 
wire to be repulled and retied to insulators. Their 
monetary loss was $172,000. 

Because of broken wires, etc., tlie toll-line circuits 
of the telephone companies began to fail soon after mid- 
night February 3-4, and most 01 them were out of order 
by 7 a. m. the 4th. Over most of these lines service was 
restored by the afternoon of the 9th, but in several 
localities it was interrupted for 10 days, and one of the. 
larger companies expected that perinanezlt repairs 
would not be com leted until May 1. 

roperty loss from the storm was a proximate1 $331,000, 

were not able to get throug l until the last week in March. 

F'rom a.ll availa E le d a h  it is estimated that the actual 

gut the economic loss froin delaye if traffic of a1 9 kinds was 
much greater. 

TORNADO IN NORTH TEXAS ON APRIL 3, 1924' 

A tornado was observed in Denton County, Tos., 
near the village of Justin about 4 p. m. April 3, 1924. 
It moved thence in an east-southeast direction through 
the northeast corner of Dallas County, the northern end 
of the adjoining county of Kaufman and was last ob- 
served about a mile southwest of Edgewood in Van 
Zandt County, havin traveled a distance of about 80 
miles in four hours. %lie tornado passed over u thinly 
settled dist-rict and for a part of its course the funnel 
cloud was not in direct connection with the ground. One 
person was killed and 14 injured and property loss of 

The meteorological conditions at the l)allus Weather 
Bureau station, when the tornado passed to the eastward 
about 12 miles directly north of the station, were not 
unusual or striking in any respect. The barometer fell 
from 29.88 inches at 8 a. m. 75th meridian time to 29.72 
inches at 5:45 m. and then rose sharply 0.03 inch. 

Hail fell in k e  ath of the tornado in Denton, Rocli- 

and lightning. The width of the tornado's path was 
about 1,000 feet and that of the hail fall from 3 to 2 miles. 

The usual number ol freaks, such as straws being 
driven into wood, etc., were observed. 

. about $40,000 was sustained. 

wall, and Dallas d ounties. There was but little thunder 

I C o n d a d  from a report by J. L. Cline, Meteorologist, Weather Bureau OUlce. 
Dallas, Tex. 

NOTE ON PARTIAL CORRELATION 

S I -  BY EDGAB w. WOOLARD 

At the time that Doctor Walker commenced his re- 
searches on seasonal correlations a, the modern form of 

yet it appar- 
ently entails less aritbmetical labor, and should be more 
widoly known than it is. 

If a variable quantity XI depends u on a number of 
other variable quantities X2, X,, . . . . &, then we may 
look upon the successive variations o€ X ,  from its arith- 
metic mean as made up of (1) portions due to the varia- 
t'ions of X3 from its arithmetic mean, and (2) remainders, 
iiidependent of X ,  due to the variations in X,, . . . . . 
X k ,  and more or less of the nature of accidental errors. 
IJnder these circumstances, if we assume a linear relation 
between the variations z, from the mean of XI and the 
variations ra from the mean of X2, the The0 of Least 
Squares gives for the "best" representation o '9 the rela- 
tionship. 

Q xl = r-lzz 
Q? 

in which t.he so-called correlation coefficient 

expresses the proportionate extent to which the varia 
tions in SI are determined by, or related to, those of X . 
Similarly, if we wish to determine the extent to which 
the varia.tions in X are due to those in S X,, - . - . X ,  
jointly, exclusive o! the effects of Xfl+l, ifme,.- - - ,  we 
have, ussuming R linear relation 

where, in the case of four variables for example, as 
Walker has shown 

while the ' * effective correlation coefficient.' ' is 

(5)  m = .- J[a,izuaTuQi + a'i3QSr13u1 + u 1 4 u 4 T i 4 ~ ~ l ,  

and expresses the proportionate extent to which the 
vnriations in X ,  are governed by those in X2, XS, X,. 

1 
QI 

f Presented 38 art of the discusdon on Dr. 0. T. Walker's method of maklng niolulooll 
ram forecasts &ather Bureau ataff meeting of Apr. 10 1024. 
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